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Pasteurella multocida, Mannheimia haemolytica and Trueperella pyogenes 
are three bacterial pathogens closely associated with the bovine respiratory dis-
ease complex (BRDC). In the current study, a multiplex PCR for the simultaneous 
detection of these three bacteria in cultures was established. After serial optimisa-
tion, the detection limit of the method for the genomic DNA of the three bacteria 
was 40 pg/μl. The method could detect the genomic DNA of these three bacteria 
but not the genomic DNA of seven other bacterial strains. Together with the bac-
terial enrichment technology, the multiplex PCR could be used for detecting the 
three bacteria in animal tissues. This method might be valuable for speeding up 
laboratory diagnosis and directing the treatment of BRDC to these three bacterial 
pathogens.  
Key words: Multiplex PCR, Pasteurella multocida, Mannheimia haemo-
lytica, Trueperella pyogenes  
The bovine respiratory disease complex (BRDC) is an economically sig-
nificant cattle disease (Grissett et al., 2015), the pathogenesis of which exhibits 
complexity and involves many different infectious agents (Confer, 2009; Griffin, 
2010). A respiratory environment favourable for the colonisation and replication 
of several pathogenic bacteria is established when stressors, such as weaning and 
shipping, or infections caused by several primary respiratory pathogens (such as 
bovine herpesvirus type 1, bovine parainfluenza virus type 3, bovine respiratory 
syncytial virus and bovine viral diarrhoea virus) compromise the immune de-
fence of animals (Confer, 2009; Kishimoto et al., 2017). In such cases, bacteria 
invade the lower respiratory tract of cattle and induce severe bacterial pneumonia 
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which is the most fatal form of bovine respiratory disease (BRD) (Confer, 2009; 
Griffin, 2010). Complex infections attributed to various pathogens are usually 
necessary for the manifestation of signs of BRDC (Kishimoto et al., 2017). For 
this reason, the causative pathogens of this disease cannot be determined easily. 
Pasteurella multocida, Mannheimia haemolytica and Trueperella pyo-
genes are three bacterial pathogens that can often be isolated from cattle with 
BRDC (Angen et al., 2009). These bacteria are ubiquitous and normal naso-
pharyngeal commensals of healthy bovines, and they become pathogenic when 
the immune system of their host is overwhelmed by adverse factors (Confer, 
2009; Griffin, 2010). Thus, these disease-causing organisms should be precisely 
and rapidly identified, and suitable measures should be timely applied to prevent 
and control the disease. 
Several traditional methods for pathogen detection are based on a one as-
say–one pathogen approach, and some of them, such as pathogen isolation, are 
often time consuming (Kardos et al., 2007; Hu et al., 2011). As such, traditional 
methods are insufficient for the rapid diagnosis of BRDC. Conversely, time-
saving methods that can detect several pathogens in a single run are possibly ap-
propriate for rapidly determining the aetiology of BRDC. For example, multiplex 
polymerase chain reaction (PCR) assays with well-designed primer pairs can ef-
ficiently and specifically amplify the nucleic acid of microorganisms. Therefore, 
this method has been extensively used to identify microorganisms (Elbrissi et al., 
2017; Moriconi et al., 2017). With regard to BRDC diagnosis, some real-time 
multiplex PCR methods have been established for the detection of BRDC-related 
viral pathogens (Horwood and Mahony, 2011; Thonur et al., 2012). However, ef-
fective and efficient multiplex PCR methods targeting BRDC-related opportunis-
tic bacterial pathogens are still eagerly needed. 
In the current study, we established a multiplex PCR for the simultaneous 
detection of P. multocida, M. haemolytica and T. pyogenes in cultures. The mul-
tiplex PCR, together with the bacterial enrichment technology, could be used to 
detect these three bacteria from animal tissues. This method might be valuable 
for speeding up laboratory diagnosis and directing the treatment of BRDC.  
 
 
Material and methods 
Bacterial strains and growth conditions 
The bacterial strains used in the current study are listed in Table 1. Pas-
teurella multocida was cultured at 37 °C in Martin broth medium (Beijing 
AoBoXing Bio-Tech Co., Ltd), while M. haemolytica and T. pyogenes were cul-
tured at 37 °C in Martin broth with 5% fetal bovine serum. Other bacterial strains 
were cultured in appropriate media under the recommended culture conditions. 
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Table 1 
Bacteria used in the current study and the source of the strains 
Bacterial strains Source 
Pasteurella multocida CVCC447 (bovine) 
Mannheimia haemolytica CVCC3842 (bovine) 
Trueperella pyogenes Laboratory isolated (bovine) 
Staphylococcus aureus Laboratory isolated (bovine) 
Streptococcus suis Laboratory isolated (bovine) 
Micrococcus luteus Laboratory isolated (bovine) 
Salmonella typhimurium CMCC (B) 50115 (unknown) 
Corynebacterium pseudotuberculosis Laboratory isolated (bovine) 
Clostridium perfringens CVCC39 (bovine) 
Escherichia coli Laboratory isolated (bovine) 
CVCC: China Veterinary Culture Collection Center; CMCC: National Center for 
Medical Culture Collections 
Target gene and primers 
The KMT1 gene of P. multocida (Townsend et al., 1998), the arginine-
binding periplasmic protein 2 and the leukotoxin acyl transferase (artJ-lktC) 
gene of M. haemolytica (Angen et al., 2009), as well as the plo gene of T. pyo-
genes (Billington et al., 1997), which are the previously identified conserved 
genes of these three organisms, were chosen as the targets of the multiplex PCR 
established in the current study. The nucleotide sequences of these genes as ref-
erences were retrieved from the GenBank, and the primers targeting these genes 
(Table 2) were designed using Primer 5.0 and synthesised by BGI Tech. The 
theoretical specificity of the primers was verified through BLAST analysis 
(http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi). 
Table 2 
Target gene of the multiplex PCR and sequences of the primers 
Bacteria  Target genes Name and sequences of the primers (5’–3’) 
Product 
length  
(bp) 
P. multocida  KMT1 kmt. F: TATCCGCTATTTACCCAG 456 
  kmt. R: TGTAAACGAACTCGCCAC  
M. haemolytica artJ-lktC la. F: TATAAGGATTACCACTTTAACGCA 251 
  la. R: ATAATCAGAAGAGAAAAAGGAGTGT  
T. pyogenes plo plo. F: CAGTCAAGGGTGAGTCTATT 773 
  plo. R: CTTGAACTCTGTGGAAA  
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DNA extraction 
The total DNA of the organisms was extracted using the Genomic DNA 
Preparation Mini Kit (Bioteke, China) according to the manufacturer’s instruc-
tions.  
Establishment and optimisation of the multiplex PCR assay 
The PCR assay was performed in a 25-μL total reaction volume containing 
2.5 μL 10× PCR Buffer, 100 ng genomic DNA of each organism, and 0.25 μL 
rTaq DNA polymerase [Takara Biotechnology (Dalian) Co. Ltd]. The effect of 
the following parameters on the PCR reaction was evaluated: final concentration 
of Mg2+ from 0 mM to 4 mM, final concentration of dNTPs from 0 mM to 0.4 mM, 
final concentration of each pair of primers from 40 nM to 200 nM, annealing 
temperature from 40 °C to 64 °C, annealing time from 20 s to 50 s, and number 
of amplification cycles from 20 to 40. 
Determination of the specificity of the multiplex PCR 
The products of the multiplex PCR were cloned into pMD18-T vectors 
and then sequenced. 
Pasteurella multocida, M. haemolytica, T. pyogenes and seven other bac-
teria (listed in Table 1) were used to confirm the specificity of the multiplex 
PCR. The genomic DNAs of these organisms were extracted as described above 
and adjusted to a concentration of 100 ng/μL. A total of 1 μL genomic DNA was 
then used as the template for the multiplex PCR. 
Determination of the sensitivity of the multiplex PCR 
To determine the detection limit of the multiplex PCR assay, serial 10-fold 
diluted genomic DNA of P. multocida, M. haemolytica and T. pyogenes were 
prepared. Subsequently, multiplex PCR assays were performed using the diluted 
genomic DNA as a template. Conventional PCR assays with each of the three 
primer pairs were performed under optimised conditions for multiplex PCR by 
utilising diluted genomic DNA as a template to determine if the simultaneous ex-
istence of three primer pairs in the PCR mixture leads to the reduction of sensi-
tivity of the method in detecting any of the three organisms. 
Practicability of the multiplex PCR in detecting P. multocida, M. haemolytica 
and T. pyogenes in experimentally infected mice 
Twenty mice were randomly divided into four groups (Groups A, B, C and 
D). The mice in Groups A, B and C received, respectively, an intraperitoneal in-
oculation of P. multocida, M. haemolytica or T. pyogenes culture in a dose of 
0.5 mL per mouse. Mice in Group D received 0.5 mL Martin broth intraperito-
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neally and served as control. The hearts, livers, spleens, lungs, kidneys and intes-
tinal contents of dead mice were harvested. The samples were cut into small 
pieces and homogenised, and then 50 μL of each homogenate was inoculated 
into the corresponding liquid culture medium and incubated at 37 °C for 5 h. A 
total of 1 mL of each culture was harvested and used for extracting the genomic 
DNA as described above. Then multiplex PCR was performed using this ge-
nomic DNA as template. Bacterial isolation and Gram staining were also per-
formed. 
Detection of the three bacteria in artificially contaminated bovine tissues 
Any two or all of the three bacterial cultures of equal volume were mixed. 
A total of 1 mL of any of the three bacterial cultures and each of the mixtures 
were added to 1 g bovine tissue (lung or lymph node), which were free of the 
three bacteria. Then the tissues were homogenised. A total of 50 μL each of the 
homogenates were inoculated into a liquid culture medium and then incubated at 
37 °C for 5 h. Genomic DNA of the bacteria was extracted as described above. 
Then multiplex PCR was performed using these genomic DNA as template. 
 
 
Results 
Optimisation of the reaction mixture and protocol of the multiplex PCR 
After a series of optimisation, the reaction of the 25-μL mixture containing 
2.5 μL 10× PCR buffer (Mg2+ free), 0.25 μL rTaq DNA polymerase, 160 μM 
dNTP, 1.6 mM Mg2+, 40 nM kmt.F/kmt.R, 100 nM la.F/la.R, 80 nM plo.F/plo.R 
and templates was determined. The amplification conditions comprised initial 
denaturation at 94 °C for 5 min, followed by 40 cycles of 94 °C for 30 s, 47 °C 
for 30 s, 72 °C for 50 s, and a final extension at 72 °C for 7 min. 
Determination of the specificity of the multiplex PCR 
To evaluate the specificity of the multiplex PCR, the three amplicons were 
first harvested and sequenced. The results showed that the nucleotide sequences 
of the 456, 773 and 251 bp amplicons were highly matched with the nucleotide 
sequences of the corresponding reference genes from P. multocida (98.03%), M. 
haemolytica (98.58%) and T. pyogenes (100%) submitted to GenBank, respec-
tively. This result suggests that the multiplex PCR could specifically amplify the 
target genes when the corresponding templates existed in the reaction mixture. 
Then the specificity of the multiplex PCR was verified using seven other 
bacteria that were isolated from the bovine specimens. The results in Fig. 1 sug-
gest that when any, or all, of the genomic DNA of P. multocida, M. haemolytica 
and T. pyogenes existed in the reaction mixture, the corresponding amplicon(s) 
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could be observed in the agarose gel. In contrast, any genomic DNA from other 
microorganisms used in the reaction mixture could not be detected by the multi-
plex PCR in the current study. 
The results suggest that the multiplex PCR could be used for specifically 
detecting the corresponding target genes and diagnosing diseases caused by these 
three bacteria. 
 
Fig. 1. Determination of the specificity of the multiplex PCR. The multiplex PCR could detect  
genomic DNA from Pasteurella multocida (P), Mannheimia haemolytica (M) and Trueperella 
pyogenes (T) and any combination of two or three kinds of genomic DNA from these three bacte-
ria. In contrast, genomic DNAs from Staphylococcus aureus, Streptococcus suis, Micrococcus  
luteus, Salmonella typhimurium, Corynebacterium pseudotuberculosis, Clostridium perfringens 
and Escherichia coli could not be detected by the multiplex PCR. NC: negative control for the  
multiplex PCR. The white arrows indicate the amplicons representing the existence of P. multocida 
(456 bp), M. haemolytica (251 bp) and T. pyogenes (773 bp), respectively 
Determination of the sensitivity of the multiplex PCR 
The detection limit of the multiplex PCR was subsequently investigated by 
performing the reactions with a 10-fold serial diluted genomic DNA extracted 
from P. multocida, M. haemolytica and T. pyogenes. As shown in Fig. 2a, the de-
tection limit of the multiplex PCR for each kind of genomic DNA simultane-
ously was 40 pg/μL. Compared with the results of conventional PCRs (Fig. 2b), 
which was performed under the optimised conditions, the multiplex PCR showed 
the same sensitivity in detecting genomic DNAs from M. haemolytica and T. 
pyogenes and a lower sensitivity in detecting genomic DNA from P. multocida. 
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Detection of P. multocida, M. haemolytica and T. pyogenes in experimentally  
infected mice by the multiplex PCR 
The hearts, livers, spleens, lungs, kidneys and intestinal contents harvested 
from experimentally infected mice were all positive for the corresponding mi-
croorganism when detected by the multiplex PCR (Fig. 3) and by bacterial isola-
tion (data not shown). In contrast, the specimens harvested from sham-challenged 
mice were all negative (Fig. 3) when detected by the multiplex PCR and by bac-
terial isolation. 
Detection of the three bacteria in artificially contaminated bovine tissues 
Figure 4 shows that detecting different artificially contaminated bovine 
tissues by the multiplex PCR produced results in line with our expectations. 
 
Fig. 4. Detection of the three bacteria in artificially contaminated bovine tissues. Corresponding 
amplicons could be observed in the gel which indicated that the multiplex PCR could be used for 
detecting P. multocida (P), M. haemolytica (M) and T. pyogenes (T) in bovine tissues together with 
the enrichment technology. PC: positive control of the multiplex PCR which was performed using 
genomic DNA extracted from the pure cultures of the three bacteria; NC, negative control for the 
multiplex PCR 
 
 
Discussion 
Although viral pathogens are generally the cause of primary infections 
during BRDC (Grissett et al., 2015), with the exception of certain instances of 
BRSV, fatality is usually not associated with those viral pathogens alone (Panci-
era and Confer, 2010). In contrast, most of the bacterial pathogens involved in 
BRDC usually cause a secondary infection, and the bacterial secondary infection 
often aggravates BRDC and leads to the animal’s death (Panciera and Confer, 
2010). Thus, rapid detection of these bacterial pathogens would be beneficial for 
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formulating a rational plan for the treatment of BRDC. As broad-spectrum anti-
biotics capable of reducing the bacterial burden in the tissues are usually used for 
the early treatment of BRDC (Lubbers and Turnidge, 2015), the classical meth-
ods, such as bacterial isolation, are insufficiently sensitive for the detection of 
these bacterial pathogens, thereby hindering the formulation of prevention strate-
gies against the spread of the disease. Thus, there is a need for establishing a 
rapid and sensitive detection method targeting the bacterial pathogens that play 
important roles in the pathogenesis of BRDC. The multiplex PCR assay is a con-
venient, rapid and cost-effective tool for the identification of different pathogens 
in a single detection (Moriconi et al., 2017). Thus, in this study we attempted to 
establish a multiplex PCR for the simultaneous detection of the three bacterial 
pathogens closely related to BRDC, namely P. multocida, M. haemolytica and T. 
pyogenes. 
To obtain a good specificity, sensitivity and rapidity of the assay, factors 
that could affect the detection, such as the target gene as well as the concentra-
tion and the annealing temperature of the primers, must be considered. The two 
most critical factors are choosing the appropriate target gene and designing suit-
able primers. In the current study, we chose the KMT1, artJ-lktC and plo genes 
as target genes for the detection of P. multocida, M. haemolytica and T. pyo-
genes, respectively, by the multiplex PCR. These genes were reported to be 
highly conserved among strains of these three bacteria. In addition, some studies 
have enrolled these genes as a target for establishing the detection method for the 
three bacteria (Townsend et al., 1998; Angen et al., 2009; Aghamiri et al., 2014). 
Therefore, choosing these genes as the targets of the multiplex PCR would guar-
antee the credibility and reproducibility of the method. The primers for the mul-
tiplex PCR were designed at the discrepant region between three genes, which 
provided the method with the capacity of discriminating the three genes. Accord-
ing to our results, the primers we designed worked relatively well. 
The concentration and the annealing temperature of the primers were also 
intensively optimised in the current study. Given that primers in the multiplex 
PCR reaction system will interfere with each other, the primer concentration and 
the annealing temperature were adjusted to obtain the highest possible efficacy 
for each primer pair. Based on our observations, the primer pair targeting the plo 
gene was more sensitive to the changes of these two parameters (data not shown). 
Thus, optimisation of the concentration and the annealing temperature of the 
PCR was mainly based on the principle of efficient acquisition of the 773-bp 
product through the multiplex PCR. After the optimisation of the two parameters, 
the multiplex PCR showed equal efficacy in obtaining all of the three products. 
Other parameters, including the concentration of dNTP and Mg2+ in the 
reaction mixture and the annealing time and circle number of the assay, were 
also evaluated. However, these parameters showed less influence on the efficacy 
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of the multiplex PCR compared with the parameters mentioned above, such as 
concentration and the annealing temperature of the primers. 
The specificity of the multiplex PCR could be inferred from three aspects. 
The first is the perfectly matched nucleotide sequence of the amplicons with the 
reference sequences published in the GenBank. The second is the negative result 
of detection of the seven unrelated bacterial strains by the multiplex PCR. The 
third is the result of the specific amplification of corresponding products from 
bacteria proliferating from the intestinal contents of experimentally infected 
mice. Given that the intestinal contents of the mice contain many other different 
bacteria, the result suggested that the multiplex PCR could identify P. multocida, 
M. haemolytica and T. pyogenes specifically from a complex bacterial mixture. 
The detection limit of the multiplex PCR was defined using the unit of pg 
genomic DNA/μL in the total PCR reaction mixture. Although numerous studies 
defined the parameter using the number of colony-forming units (CFU) of the 
target bacterium (Hu et al., 2011; Feng et al., 2016), we thought it could not pre-
cisely define the sensitivity of our methods. The loss of some of the genomic 
DNA during the extraction process should be taken into account. 
The multiplex PCR could precisely detect bacteria from experimentally in-
fected mice and artificially contaminated bovine tissues, which suggested the 
practicability and efficiency of the method in detecting the three bacteria from 
clinical specimens. Although validating the method using real clinical specimens 
would be the best, collecting clinical specimens that are totally in accordance 
with our requirement, as shown in Fig. 4, is difficult. In the current study, the 
bacteria were first enriched in a culture medium and then detected through the 
multiplex PCR. Although the enrichment of the bacteria was time consuming, 
the total time for completing the detection was, in our experience, not longer than 
eight hours, which is much shorter than the time requirement of the conventional 
bacterial isolation method. To further reduce the time cost of the detection proc-
ess, the method could be optimised for directly detecting the three bacteria in 
clinical specimens. 
Recently, a Dembo respiratory PCR method that can simultaneously detect 
16 different BRDC-related pathogens in nasal swabs from bovine animals has 
been established on the basis of TaqMan real-time PCR technology (Kishimoto 
et al., 2017). This method provides many advantages, such as identification of 
numerous existing pathogens and high sensitivity. The targets of this method in-
clude the three bacteria mentioned above. However, the results of this method, in 
our opinion, should be interpreted carefully for the following reasons. Firstly, 
BRDC-related bacterial pathogens are usually common commensals in the bo-
vine upper respiratory tract. As such, the real-time PCR may yield false positive 
results. Thus, thresholds which can be used to discriminate the difference in bac-
terial pathogen burdens between healthy bovines and bovines with BRDC, must 
be cautiously defined. Secondly, an equal or even higher burden of Pasteurella 
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and Corynebacterium in the upper respiratory tract of healthy bovines than in the 
upper respiratory tract of bovines suffering from pneumonia has been reported 
recently (Lima et al., 2016). Therefore, the findings based on detection results in 
samples from the bovine upper respiratory tract, may not indicate whether these 
bacteria play roles in pneumonia, although these results may reveal a high burden 
of certain bacteria in the bovine upper respiratory tract. 
In contrast, the colonisation and proliferation of bacterial pathogens in bo-
vine lungs are closely related to bovine pneumonia (Confer, 2009), and the three 
target bacteria can invade lymph nodes (Nattermann and Horsch, 1977; Shoo et 
al., 1990; Dagleish et al., 2016). Therefore, combined with the necropsy results, 
the detection results obtained from tissue samples could be more precise than 
those from bovine upper respiratory tract samples in determining whether or not 
these bacteria are involved in the disease. 
In conclusion, we developed a multiplex PCR assay that could specifically 
and sensitively detect and differentiate P. multocida, M. haemolytica and T. pyo-
genes in cultures. This multiplex PCR, together with the bacterial enrichment 
technology, could also be used for detecting these three bacteria in clinical sam-
ples. The detection of the bacteria in clinical samples by multiplex PCR could be 
completed within eight hours. This method would be useful for the diagnosis of 
BRDC related to these three bacterial pathogens. 
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